The current economic environment in the Indian manufacturing industry is offering a perfect opportunity to SMEs of this country to develop and grow by acting as suppliers of large multinational original equipment manufacturers (OEMs). To meet the challenge of offering high standards of quality, cost and delivery (QCD) to these multinational OEMs, Indian manufacturing SMEs must implement effective approaches, such as lean manufacturing, to continually and systematically improve their operations. However, the academic literature indicates that the adoption of lean manufacturing and some of its tools, such as value stream mapping (VSM), by Indian manufacturing SMEs is feeble, or in many cases lean initiatives have been unsuccessful. This paper presents a successful application of VSM in an Indian manufacturing SME. The results of the study and operational improvements achieved indicate that the application of VSM is an effective 42
Introduction
comment that in the last decade the business environment of India has suffered a radical change. One of the reasons that may have contributed to this change is the fact that the global market today is trying to establish its base in India . Thus, since the start of the 21st century the Indian economy has been growing at a healthy rate. This healthy growth rate coupled with a large population has led to an increase in demand of consumer products. As a consequence, the high potential of the domestic Indian market has attracted leading manufacturers from across the globe. In particular, a study conducted by Ernst & Young and the Automotive Component Manufacturers Association (ACMA) concluded that the Indian automobile industry is forecast to become a 9 million-unit industry by 2020 (Rajenthirakumar and Thyla, 2011) . However, to achieve a market size of 9 million units the Indian car industry requires the addition of manufacturing capacity for all automobile parts. This would lead to an increase in growth opportunities for manufacturing companies. The large original equipment manufacturers (OEMs) are now focusing on their core strengths and increasing the outsourcing of secondary jobs. To save costs and increase profitability, the secondary jobs are generally outsourced to small and medium enterprises (SMEs), which have lower overhead costs and can maintain and provide competitive prices. The increase in the outsourcing activity has created a beneficial and profitable business opportunity for SMEs in India. For this reason, India has seen an increase, over the last decade, in the number of SMEs that are supplying components and assemblies to OEMs. Various business groups have diversified and setup component manufacturing facilities as tier 1 suppliers for automobile OEMs. The SME organisation studied in this paper has also followed the same path and diversified into component manufacturing. This organisation was established in 1965, and is a family managed industrial conglomerate with interest in varied sectors. In 2005, it established a manufacturing facility in the North Indian state of Himachal Pradesh to manufacture sheet metal and plastic injection moulding components. The facility was specifically established to capture the excellent opportunity available in the OEM component supplier segment. However, the bidding for OEM contracts has turned very aggressive due to the lucrative nature of these contracts. For an SME to successfully compete for and complete these competitive contracts, it is necessary to guarantee quality, cost and delivery (QCD) (Khan et al., 2007) . Arguably, it is not only necessary for SMEs to guarantee QCD but they should also be able to continually and systematically improve them.
Over the years different manufacturing philosophies have been developed to help organisations in continually and systematically improve QCD. Each philosophy has its own merits and limitations and they are applied based on their suitability for a specific organisation. 'Lean manufacturing' is one such philosophy that has been successfully implemented and applied by organisations to improve operations and QCD. According to Dankbaar (1997) , lean manufacturing is a system that by making optimum use of employees' skills and focussing on continual improvement is able to produce a high variety of products at lower cost with better quality and at the same time consumes lesser of every resource when compared to traditional manufacturing methods. On the other hand, Sahoo et al. (2008) comment that lean manufacturing is "an approach used for constructing, operating, managing and continuously improving industrial manufacturing systems with the use of standard lean tools and techniques, which include value stream mapping (VSM), kaizen, 5S, single minute exchange of die (SMED), just-in-time (JIT), Kanban and observation". Anand and Kodali (2008) suggest that many companies in India, specially manufacturing ones, are now implementing the lean philosophy as an approach to improve productivity and internal efficiency, see for example: Sharma (2009), Dhandapani et al. (2004) , Kumar et al. (2006) , Vinodh et al. (2010) , Upadhye et al. (2010) and Bhamu et al. (2012) . Furthermore, a study carried out by Ghosh (2013) indicated that out of 72 Indian manufacturing plants surveyed, 80% of them had implemented lean, or at least some of its principles and/or tools. However, although there is some evidence that indicates that lean manufacturing has been applied by Indian manufacturing companies in order to increase their competitiveness and improve QCD, Singh et al. (2010) comment that the "Indian industry is still struggling to implement lean principles and philosophies". In addition, a study conducted Garza-Reyes et al. (2012) indicated that lean manufacturing is not the most 'popular' approach used by Indian organisations as companies in this country have given preference to the implementation of quality improvement approaches such as ISO standards, total quality management (TQM) and Six Sigma over lean manufacturing. Eswaramoorthi et al. (2011) also found that "the status of lean implementation in the Indian machine tool sector is still in infant stage".
Since the evince found in the academic literature can be considered contradictory and inconclusive in relation to the implementation of lean manufacturing principles in the Indian manufacturing sector, this paper presents a case study of the successful application of lean manufacturing, and more specifically VSM, in an Indian manufacturing SME. Thus, this paper intends to contribute by proving evidence that nowadays the application of lean manufacturing in the Indian manufacturing sector is a reality, and that this application could help the SMEs of this country to take full advantage of the economic development of India by effectively and efficiently aiding them in supplying their OEMs' contracts. In addition, the value of this paper also lies in the fact that it can be used as a guiding reference and model for managers and engineers to undertake specific process improvement projects, in their organisations, similar to the one presented in this paper.
The concept of 'value' and VSM
A cornerstone of the lean manufacturing philosophy is the concept of 'value'. For a manufacturing firm it is important to clearly define 'value' from the point of view of the customer. A clear definition of customer's view of value is important because customers will only pay for what they recognise as valuable and not for what the manufacturer thinks as valuable. Womack (2006) stresses that a customer is concerned only with the value addition directed at them and not in the average of the firm's effort in general. For this reason, Chernatony et al. (2000) comment that authors such as Band (1991) , Gale (1994) and Naumann (1995) have highlighted the element of 'value added (VA)' as a strategy for achieving competitive advantage and have also advised organisations on designing processes that create value for their customers.
A product goes through various stages before it is transformed into a form where it can be sold. In this context, value is added at various stages through this transformation process, which is also known as a value stream. A value stream is comprised of all the process activities and/or operations, both VA and non-value added (NVA), that are required to bring a product or a group of products from raw materials to the arms of the customer (Houten et al., 2012) . Every product has a different value stream, and a customer only focuses on the value stream of its product. Hence it becomes essential for a firm to pay attention to different value streams and improve them, which would prove advantageous to both the firm and the customer. However, for a firm to be able to improve the value stream of its products it is first necessary to fully understand it. VSM is a lean manufacturing's visualisation tool which can aid this task by showing the flow of material along with information as the product passes through the transformation process (Rother and Shook, 1999) . Manos (2006) mentions that the credit for introducing VSM to the world goes to Toyota Motor Company (TMC), as VSM is based on the material and information flow diagrams traditionally used by the Toyota Production System (TPS). It was Rother and Shook (1999) who first introduced and discussed the VSM tool, as known today, in their book Learning to See. Since then, various authors have defined VSM in different ways. According to Manos (2006) , VSM is a platform that enables firms to identify and improve various product families. Rother and Shook (1999) , on the other hand, define VSM as a pencil and paper tool that helps to comprehend the information and material flow throughout the production process of a product. In general, Rother and Shook (1999) suggest the conduction of the following four stages when undertaking a VSM study:
1 selecting a product family 2 constructing a current state value stream map 3 establishing the future state value stream map 4 implementing the future state value steam map. The first step requires selecting a product family. A firm may have multiple product types that undergo different processing steps, but Rother and Shook (1999) advice against mapping all product families at once, as this will only make the VSM complicated. Womack (2006) comments that carefully choosing a product family for VSM would increase the benefits expected from the VSM analysis. The second step is to map the current state of the value stream. This should be initiated by agreeing upon the problem statement and forming a cross-functional team with representation from all departments (Rother and Shook, 1999; Lovelle, 2001) . Once this is done, the next step involves walking through the value stream to draw a map of the process. Rother and Shook (1999) suggest observing the process starting from the shipping department and then working backwards; this provides a better understanding of material and information flow. Tapping et al. (2002) emphasise the criticality of mapping an accurate current state. They reason that as the future state and any recommendations for improvement are based on the current state, it becomes increasingly important to map it correctly.
The third step in VSM is to draw the proposed future state value stream map. Before starting to draw the future state, it is essential to calculate the 'takt' time based on customer demand. This is essential because all further suggestions and improvements are based on takt time. Also based on the takt time, bottlenecks in the value stream can be identified and treated with lean tools to reduce cycle time (C/T) to within the takt time levels. Womack (2006) mentions that while drawing the future state map it is essential to implement continuous flow through as many activities as possible. This reduces costs and throughput time, which leads to benefits for both the firm as well as the customer. In instances, to implement continuous flow it may be essential to perform layout changes or adopt new technology, which may require longer time durations for the VSM study. Seth and Gupta (2005) also mention the importance of line balancing and output levelling during future state mapping.
Once the future state value stream map is prepared, which actually represents the 'ideal' state in which the value stream should function, the final step in VSM is to make and implement a work plan to close the gap between the future state and current state (Rother and Shook, 1999) . The work plan is made using various lean tools and techniques to take the current state towards the ideal situation.
VSM has been used in both manufacturing and service industries; however, its application is more predominant in manufacturing (Houten et al., 2012) . According to Gurumurthy and Kodali (2011) , this is because lean has been more widely applied in the manufacturing industry and therefore more recorded research is available in this sector. Examples of reported applications of VSM in the manufacturing industry are presented in Table 1 . A common element in all the studies presented in Table 1 is the fact that VSM has been predominantly applied for productivity improvement in all these organisations. Gurumurthy and Kodali (2011) comment that although VSM has been traditionally used for productivity improvements, in recent times it has also been applied for other purposes such as improving leadership, perform benchmarking, and increase value across the supply chain. Rajenthirakumar and Thyla (2011) Similarly as with the application of lean manufacturing, although the academic literature shows some evidence of the use of VSM in the Indian manufacturing industry, it also indicates that organisations in this country have given preference to the use of other lean tools such as kaizen, Total Productive Maintenance, and 5S (Vinodh et al., 2010; Garza-Reyes et al., 2012) . Thus, Vinodh et al. (2010) consider the implementation of VSM in India as feeble. This motivated the researches to undertake this project.
3 VSM study -current state map
Product family selection, formation of cross-functional team and definition of problem
The Indian manufacturing SME studied produces a number of different types of products from its sheet metal department. These include products for consumer goods, passenger cars, telecom industry and heavy trucks. As commented by Rother and Shook (1999) and Womack (2006) , it is essential to select a product family before starting the VSM. For this study the product family of truck bumpers was chosen. This product is made up of the assembly of 4 different components manufactured 'in-house' (i.e., end cap, c-channel, end cap for c-channel, mounting plate) and 1 outsourced component (i.e. ERW pipe), which are assembled following a manufacturing process that consists of 13 operations (i.e., pipe cutting, sheet shearing, stamping, bending, welding, grinding, inspection, pre-treatment, powder coating and baking, liquid painting, drying, packing, despatching). The product serves the purpose of a rear protection device in a truck and it is supplied to an OEM operating in the heavy truck industry. The selection of truck bumpers as the product family to VSM in this study was based on the following factors:
1 it is the biggest product family in terms of turnover for the organisation studied 2 the customer had indicated increasing volumes over the following years 3 the company was facing delivery problems with this product 4 the manufacturing process of this specific product involved the use of all major equipment in the sheet metal division; hence it increased the scope and impact of the VSM improvement.
After selecting and justifying the product's family considered for the VSM improvement project, a cross-functional improvement team was formed as suggested by Lovelle (2001) . The members were selected in a manner to form a team with working knowledge of all aspects of the product's family previously selected. The first agenda for the team before starting the VSM study was to agree on the actual problem to be solved. Womack (2006) points out that it is important for a firm to agree upon the actual problem before starting a VSM exercise, because without a clear goal the actual issues of the process would not be focused upon through the VSM. This ensured a unilateral focus of the team during the process of VSM. The team, in consultation with the management, decided the followings as the main objectives to be achieved through the VSM study undertaken:
1 reducing production lead time 2 reducing in-process and finished goods inventory 3 reducing process bottlenecks with respect to customer demand.
Data collection and drawing the current state map
The collection of data for the current state map followed the recommendations of Rother and Shook (1999) of starting the mapping at the shipping department and working backwards through each manufacturing process until they reached the raw material entry point, collecting snapshot data at each stage. As recommended by Brunt (2000) , the team ensured that the whole process was mapped and that the work was not divided into parts; this ensured consistency in the data collected. In order to draw the current state process map, the team used an A3 sheet and pencil while it was walking through the production process to collect data (Brunt, 2000) and the VSM icons as specified by Rother and Shook (1999) in Learning to see. Ramesh et al. (2008) mention that a unique feature of VSM, which distinguishes it from other process analysis techniques, is the fact that in a VSM both material and information flows are presented together, and shown in reference to the customer's demand. Thus, information flow, material flow and customer demand data related to the product studied was captured to draw a realistic current state map.
Information flow includes information that tells each process what to produce and when to produce it (McDonald et al., 2002) . In this case, specific information that included weekly and daily production and machine schedule, requirements of raw material, suppliers' lead time and daily shipping schedules were collected from the planning, production and control (PPC) department of the organisation studied.
On the other hand, material flow captures various characteristics of the manufacturing process and provides important insights required for mapping the current state. The following information was collected from the production process: This information was collected using principles of work measurement and industrial engineering (i.e., time and motion study) as all the process operations from which this data was collected fell under the category of repetitive work.
For the process C/T, the actual reading was taken using a calibrated stopwatch. As per recommendation of Slack et al. (2009) and Baines (1995) , the measurements were taken after the operators had settled down and regular flow of work had begun. Readings were taken on the same day in sets of three readings at three times during the day -30 minutes after start of production, 30 minutes after lunch break and 30 minutes before finishing time. It was also ensured that the same operator was present at each of the three times. The results were then averaged and used for further analysis. For some operations (i.e., powder coating and pre-treatment), the C/T collected were based on recorded averages available in the production department, these could not be physically verified as both of these operations were not running on the day of the data collection. In the case of the changeover time, the data was collected from the logs maintained by the sheet metal division and not based on actual observations. This was because on the day of the data collection, there were no changeovers. The WIP level between operations was determined by observing, counting and recording the average number of units present at each station. It was ensured that store and other areas of the factory were also searched for work-in-progress (WIP) material related to the product's family studied. The machine availability signifies the amount of time a machine was operating; in this case, it excluded downtime due to unplanned breakdowns from the total available time. Machine availability was collected from the maintenance log recorded over the last six months. Data related to the number of operators and shifts worked was taken from each department's head and it was cross-verified with records maintained by the Human Resources department. The manufacturing facility operated on a six-day working week pattern and employed 1 shift of 8 hours each, with a lunch break of 30 minutes. As and when required, overtime was carried out, but it had to be authorised by the factory manager.
Finally, the customer demand was predictive to be 2,500 units (100 units every working day). An analysis of a previous year's demand revealed that the customer's demand had very limited variability. Thus, this monthly forecast quantity was considered as the demand for all further analyses. Once the team gathered all the above data, the next step was to finalise the current state map by making the necessary changes to the first version, which was drawn using pencil and paper. The current VSM is shown in Figure 1 .
Analysis of current state VSM
After capturing the information flow and representing it in the VSM it was evident that a 'push'-based system was followed by the organisation studied as each operation in the production process functioned independently of the upstream or downstream operations. Every process from purchase to despatch functioned according to information and instructions received from the PPC department, as evident in Figure 1 . 'Pull' or continuous flow was not practised in any part of the manufacturing process.
It is the analysis of the material flow characteristics the most essential and critical to develop and achieve a desirable future state, therefore a lot of attention to detail was given during this process.
Cycle time
The C/T presented in the data boxes below each operation, see Figure 1 , represents the processing time at each stage. Though the processing time is made of 3 different types of activities (i.e., VA, NVA, and NVA but necessary), in this study only the total C/T of each process was considered. Figure 1 shows that there was a vast difference between the C/T of the different operations involved in the value stream; times varied from 2 seconds for stamping to 5400 seconds for powder coating. The vast difference in C/T showed that it was difficult to maintain a continuous flow through the value stream. This was because stamping would produce at a much higher rate than what its downstream processes could consume, which would lead to an increase in inventory in processes downstream of stamping. In contrast, if inventory was not to be increased, then stamping had to slow the production rate, which would involve the under utilisation of the stamping operation. This showed that a push-based system of material flow was used in the value stream of the product studied. It was also important to calculate the total C/T, which is the sum of C/T of all processes. This was found to be 8147 seconds.
Production lead time
Production lead-time indicates the time taken for a piece of raw material to be processed, converted into a finished product and finally being shipped to a customer. It is an important parameter to judge the overall efficiency of any manufacturing process. The current lead-time for the process studied was 49.65 days, this includes total processing and waiting time. Waiting time was calculated based on the inventory present before each stage. An important measure of process efficiency is given by a representation of the total C/T as a percentage of the production lead-time (i.e., total C/T / production lead time). In this case, it was found to be 0.2% approximately. This showed that out of the total leadtime of 49 days only less than 1% is processing time and the rest is waiting time. Such a low figure indicated immense waiting time in the value stream, mainly due to high inventory before most processes. Also, the vast differences in C/T also led to an increase in waiting time.
Inventory
The triangles before a process in the current state map in Figure 1 show the amount of inventory that is available before the studied operations. The inventory was also converted to time. This was achieved by dividing the amount of inventory present at each operation by the daily customer requirement. In this case, the daily customer demand was considered as 100 units/day, which is the future expected demand. The process presented high inventory in each stage, with inventory as high as 20 days before the pipe cutting operation. High levels of inventory increase the probability of inherent defects in the manufacturing system as it covers for number of process defects (Womack et al., 1990; Shingo, 1997) . It also has a negative impact on cash flow and occupies valuable and costly floor space (Kilpatrick, 2003) .
Takt time and bottle neck operations
Takt time is the production rate required to timely meet customer demand. Hines et al. (1998) consider takt time as the most important parameter, based on which the future state of any value stream is modelled. It is calculated by dividing the 'available working time per day' by the 'customer demand per day ' (McDonald et al., 2002) . Considering that the company operated one shift of 8 hours with a lunch break of 30 minutes, 25 days/month and that the customer demand was 100 units/day, the takt time was calculated to be 270 sec/unit. Figure 2 illustrates the operations' C/T in relation to the takt time. Powder coating was omitted as it had a very high C/T and could not be shown on the same graph. Figure 2 shows that full welding, grinding, inspection, drying and powder coating (not in the graph), had C/T higher than the takt time and hence all these operations required improvements or capacity addition to meet customer demand. 
VSM study -future state map
In VSM, the current state map helps in developing a snapshot to understand the business operations; it shows the 'as-is' situation of a business. But the actual effectiveness of VSM is its ability to envision and develop a value stream that depicts the ideal state of a value stream process. The future state VSM enables businesses to look into the future and understand the best way of operating a value stream (Brunt, 2000) . To develop a future map a systematic approach should be followed to gain maximum benefit from the VSM methodology. In this context, a systematic approach is proposed by Rother and Shook (1999) in Learning to See, which is based on answering a set of questions. These questions were taken as a base to guide the construction of the future state VSM, which is shown in Figure 3 . The proposals made and implemented by the improvement team in order to reduce/eliminate the issues in the manufacturing process highlighted by the current state map and that were able to close the gap between the current state of the manufacturing process and its desired state were as followed:
• A safety stock of the family of products studied was decided to be built and implemented as a permanent element of the production process studied. This was due to the component studied is a critical part that the organisation could not afford to default in its timely delivery, as this is the starting phase of its relationship with its customer.
• A kanban system was implemented to determine the need of production at the upstream step of packaging and liquid painting. Material was delivered in trolleys and each trolley was able to hold 20 components, therefore it was decided to use 20 as the kanban size for despatch.
• Tack welding-1, tack welding-2, full welding and grinding were re-arranged into a cell. The total welding operation which initially consisted of 3 operations was rearranged into 2 operations carried out by 2 teams of 2 welders each, whereas 2 operators were assigned to the grinding operation. A '5why' analysis indicated that poor skills of welding operators and low capacity of the grinder machines resulted in a very high C/T of 1,522 seconds. This C/T was reduced to 810 seconds by providing appropriate training to the welding operators and acquiring new grinding equipment, which also helped to reduce the individual C/T of these operations to 270 seconds.
• Since the operations of stamping, shearing, bending and pre-treatment were shared with other product families and thus were not available to the product family studied 100% of the time, these were recommended not to be re-arranged into cells with other operations.
• The inspection operation initially located between the grinding and pre-treatment operations was eliminated by implementing poka-yokes, jigs, and fixtures in all welding operations.
• The improvement team suggested the acquisition of a smaller batch type booth and baking oven to reduce the C/T of the powder coating and liquid coating operation. Once that the new equipment was installed, powder coating, liquid coating, drying and packing were re-arranged in a cellular layout with continuous flow implemented across it. As shown in Figure 2 , C/T of liquid painting and drying were close to the takt time and with the acquired equipment the times of powder coating and baking were also brought to the same levels.
• A significant reduction in changeover time from 94 to 24 minutes was achieved in the case of the stamping operation by carrying out a single-minute exchange of die (SMED) and by changing internal activities to external activities. The same approach was also recommended to be carried out for the shearing operation. The changeover time for the powder coating operation was eliminated as a new dedicated setup was proposed and implemented.
In summary, the proposals and modifications made to the production system resulted in four 'batch' operations (i.e., shearing, bending, stamping, pre-treatment) and two areas of the process with continuous flow (i.e., cell production). For the batch operations, an optimum amount of batch was defined and kanban systems implemented for their control.
According to the systematic method proposed by Rother and Shook (1999) to develop the future state map, a 'pacemaker' operation and a 'pitch' time for the pacemaker operation had to be defined. The pacemaker step should be such that all process downstream of it should have continuous flow (Rother and Shook, 1999) . As evident in the future state map presented in Figure 3 , the power coating + painting + drying cell qualified as the pacemaker step; it cannot be any step upstream of this because pretreatment is using a batch approach and not producing to continuous flow. Thus, in the future state it was determined to be the power coating + painting + drying cell those that regulated production. Thus, the PPC department only had to schedule this cell, based on customer demand. This improved the information flow of the whole manufacturing system. In the case of the 'pitch' time, it was defined to be 90 minutes. This meant that 90 minutes was taken as a management time frame to review the manufacturing process. 
Conclusions
The manufacturing industry in India today is ever growing, and to remain competitive and grow alongside this industry Indian manufacturing SMEs have to focus on providing high standards of QCD to their OEMs. A major factor to achieve this is a company's ability to effectively implement a philosophy that allows it to continually and systematically improve its processes and enhance its overall operational performance. Lean manufacturing is one of the leading philosophies used by a number of organisations worldwide to improve and enhance their overall operational performance (Taj, 2008) . However, the academic literature indicates that the application of lean principles and tools in the Indian manufacturing industry, especially among SMEs, is limited. In particular, although there is evidence that some manufacturing companies in India have adopted lean manufacturing practices and VSM as improvement approaches, several studies and authors argue that this application is either feeble or has not been fully successful. Thus, this paper provides evidence that nowadays the application of lean manufacturing in the Indian manufacturing sector is growing, and that its successful implementation could represent an important strategy for SMEs to meet the challenges of a growing industrial market.
In particular, this paper presents a successful application of the lean manufacturing VSM approach to reduce the production lead time, inventory, changeover time and align all the process operations to the customer demand (i.e., takt time) of an India manufacturing SME fiercely competing in several industrial sectors. In this context, the production lead time was reduced from 49days/8147 seconds to 11.6days/2323 seconds. This reduction in lead time has helped the organisation studied to ensure that it provides better service levels for its customers and reduce inventory from its value stream. In terms of inventory, WIP was reduced from 28.15 days to 7.6 days while raw material was also reduced from 20.69 days to three days. This was achieved by implementing a pullbased material system and re-arranging some of the process operations into cells, which provided continuous flow. Enhancing the company's relationship with its suppliers also was a key factor to reduce the WIP inventory in all operations and in the store (i.e. raw material -safety stock). As a result, the company has been able to reduce its operational cost and improve its quality. However, the inventory of finished goods increased from 0.6 days to 1 day. This was a strategic decision taken by the organisation studied to be able to timely meet the customer demand. In the current state there were 5 bottleneck operations based on the takt time of 270 seconds. These bottlenecks were removed by undertaking the improvement actions previously discussed in Section 4. Finally, important reductions in changeover times were also achieved as explained in Section 4.
This study was based on the review and improvement of the manufacturing process of a single and specific product family from the sheet metal division of the organisation studied. The results of this study open various avenues that can be subjects of future research and a deeper study, for example: 1 further research can be carried out to support the improvements already made by using simulation to prove/disprove whether the operation parameters proposed and implemented were the optimum ones 2 the study focused on the value stream of the organisation studied, the same can be extended to include its suppliers 3 as the organisation studied manufactures products in various categories other than the one studied, further research can be carried out to use VSM for products from other categories.
